ated an F2 population (Ͼ500 mice, 19% ϩ/ϩ, 51% ϩ/Ϫ, m serial paraffin sections and sections labeled with anti-GluR1 and anti-synapsin antibodies revealed no and 30% Ϫ/Ϫ) that deviated slightly from the expected Mendelian ratio. All experiments were performed using significant abnormalities in gross structure of the CNS, including the hippocampus ( Figure 1E) , cortex, or olfac-F2 offspring of age-and sex-matched LIMK-1 Ϫ/Ϫ (knockout) and LIMK-1 ϩ/ϩ (wild-type) littermates. The knockout tory bulb where LIMK-1 is highly expressed. To examine the phosphorylation status of ADF/cofilin, mice showed no detectable expression of LIMK-1 mRNA or protein ( Figures 1C and 1D ), but normal expression we performed Western blot analysis on protein lysates prepared from whole-brain slices (Figure 2 ). While the of other proteins, including LIMK-2, PAKs, ROCK 2, and cofilin ( Figure 1F, n ϭ 3) . Analysis of thionin-stained 5 protein levels of cofilin and ADF/cofilin were compara- ble, the amount of phosphorylated ADF/cofilin (p-AC) treatment, however, significantly reduced p-AC in cultured neurons from the wild-type (67% Ϯ 9% of unwas significantly lower in the knockout slices (58% Ϯ 9% of wild-type, Figure 2A ), indicating that LIMK-1 meditreated) but not from the knockout mice ( Figure 2G) . The total protein level of cofilin was not altered by PDBu ates, at least in part, the tonic phosphorylation of ADF/ cofilin in the brain.
( Figure 2C ), NMDA ( Figure 2E ), or glutamate (data not shown). Treatments with DMSO (0.1%, the maximal conTo evaluate the role of LIMK-1 in the regulation of p-AC in response to acute external stimuli, we assessed centration used as vehicle for drugs) alone for 30 min did not cause any significant changes in p-AC or total the effect of several agents known to alter the actin cytoskeleton in neurons. Application of 20 M 4␤-phorbolcofilin in either the wild-type or knockout slices ( Figure  2F ). These results indicate that LIMK-1 is critical to the 12,13-dibutyrate (PDBu), an activator of PKC, for 10 min decreased the amount of p-AC to approximately 64% Ϯ stimulus-induced changes in ADF/cofilin phosphorylation and/or dephosphorylation. 6% of the untreated level in wild-type slices ( Figure  2B ). This rapid reduction was absent in knockout slices (treated ϭ 96% Ϯ 7% of untreated, Figure 2B ). NMDA (50 Abnormalities in the Actin Cytoskeleton To directly examine if the absence of LIMK-1 affects the M) treatment for 10 min caused a significant increase in p-AC in the wild-type (163% Ϯ 19% of untreated) but neuronal structures and actin cytoskeleton, we immunostained cultured hippocampal neurons for the dendritic not in the knockout slices ( Figure 2D ). Interestingly, addition of glutamate (100 M) for up to 30 min had no marker MAP2, cofilin, and actin filaments. The complexity of dendritic branches, as judged by MAP2 and cofilin effects on brain slices (data not shown). This glutamate staining, showed no differences between the wild-type intensity ratio ϭ 208% Ϯ 57%; also see Figure 3M for average spine head minus dendrite intensity). In the and knockout neurons (Figures 3A-3F) . However, the size of the growth cones was greatly reduced or comknockout neurons ( Figures 3J and 3L) , the spine intensity was weak and not significantly higher than that of pletely absent in the LIMK-1 knockout neurons ( Figures  3D-3F) . In young neurons (5 or 8 days in vitro), both dendritic areas (average spine head/dendrite intensity ratio ϭ 104% Ϯ 21%, and Figure 3M for average spine cofilin and actin were evenly distributed along the dendrites in the wild-type ( Figures 3B, 3C, and 3G ). In conhead minus dendrite intensity). These data indicated that LIMK-1 is essential for proper accumulation and trast, abnormal clusters of cofilin and actin were frequently observed in the knockout neurons (Figures 3E, distribution of actin filaments in the dendritic branches and spines. 3F, and 3H). In mature knockout neurons (17 days), clustered actin filaments were also evident in the dendrites ( Figure 3J ). In the wild-type neurons (Figure 3I ), the phalAbnormal Spine Morphology Since the actin cytoskeleton is disrupted and the actin loidin staining intensity was much higher in spine heads compared to that in the adjacent dendritic areas where network is important for cell morphology, we suspected that the spine structures might be affected in the knockstaining was low and even (average spine head/dendrite ). All of these proteins can the level of ADF/cofilin phosphorylation and an increase in its actin depolymerizing activity. Thus, we expected potentially regulate the actin network, and it is possible that their effects are mediated by alterations in LIMK1 that in the knockout mice the actin cytoskeleleton would be altered due to the increased turnover of actin fibers activity. This possibility is supported by in vitro studies demonstrating that dominant-negative forms of LIMK-1 and that as a consequence there would be abnormalities in the structure and function of the nervous system. blocked Rac-induced cofilin phosphorylation and actin filament accumulation (Arber et al., 1998; Yang et al., As predicted, in LIMK-1 knockout brain slices, the amount of phosphorylated ADF/cofilin is markedly di-1998). While the present study has not examined the role of LIMK-1 in the regulation of actin-based spine minished whereas total ADF/cofilin is unchanged (Figure  2) , indicating that LIMK-1 is an important ADF/cofilin motility, our finding that glutamate-induced changes in phosphorylated ADF/cofilin are absent in the knockout kinase in the CNS. An obvious candidate kinase responsible for the residual ADF/cofilin phosphorylation obmice suggests the possibility that glutamate-induced spine motility is affected in these mice. served in the LIMK-1 knockout mice is LIMK-2, which is known to be expressed in the CNS (Mori et al., 1997) In the LIMK-1 knockout mice, basal synaptic transmission was normal but hippocampal LTP was altered (Figbut whose expression is not altered by the The amounts of cofilin and p-AC were compared by the enhanced chemiluminescence (Amersham) method of detection and the films gene was isolated from a genomic 129/sv library. The targeting vector was constructed by replacing a 1.8 kb BamHI fragment conscanned for optical density and statistical analysis.
